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FOREWORD 

The work desc r ibed  h e r e i n  i s  sponsored by t h e  Nat iona l  Aeronaut ics  and 

Space Adminis t ra t ion  under Contract  NAS 3-6474. For t h i s  program, M r .  R .  L. 

Davies i s  t h e  NASA P r o j e c t  Manager. 

The program i s  being adminis te red  f o r  t h e  General E lec t r i c  Company by 

D r .  J .  W .  Semmel, Jr., and E .  E .  Hoffman is  a c t i n g  as t h e  Program Manager. 

J .  Holowach, t h e  P r o j e c t  Engineer ,  i s  r e spons ib l e  f o r  t h e  loop des ign ,  

f a c i l i t i e s  procurement and t e s t  ope ra t ions .  R .  W .  Har r i son ,  t h e  P r o j e c t  

M e t a l l u r g i s t ,  i s  r e s p o n s i b l e  f o r  t h e  m a t e r i a l s  procurement,  u t i l i z a t i o n  and 

e v a l u a t i o n  a s p e c t s  of t h e  program. Personnel making major c o n t r i b u t i o n s  t o  

t h e  program dur ing  t h e  c u r r e n t  r e p o r t i n g  pe r iod  i n c l u d e :  

A l k a l i  Metal P u r i f i c a t i o n  and Handling - D r .  R .  B .  Hand, L .  E .  

Dotson and H. Bradley .  

Welding and Jo in ing  - W .  R .  Young and S .  R .  Thompson. 

1 

Refrac tory  Alloy Procurement - R .  G .  Frank and L .  B. Engel,  J r .  
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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 

I 

I .  INTRODUCTION 

Th i s  r e p o r t  covers  t h e  pe r iod  from October 15, 1966 t o  January 15, 1967, 

of a program t o  f a b r i c a t e ,  ope ra t e  f o r  10,000 hours ,  and eva lua te  a potassium 

c o r r o s i o n  test  loop cons t ruc t ed  of T-111 (Ta-8W-2Hf) a l l o y .  Materials f o r  

e v a l u a t i o n  i n  t h e  t u r b i n e  s imula to r  inc lude  Mo-TZC and Cb-132M. The loop  

des ign  w i l l  be s i m i l a r  t o  t h e  Prototype Loop; a two-phase, fo rced  convec t ion ,  

potassium c o r r o s i o n  test  loop which has been developed under Contract  NAS 

3-2547. Lithium w i l l  be hea ted  by d i r e c t  r e s i s t a n c e  i n  a primary loop .  

Heat r e j e c t i o n  f o r  condensat ion i n  the  secondary loop w i l l  be accomplished 

by r a d i a t i o n  i n  a h igh  vacuum environment to the water cooled vacuum chamber. The 

c o m p a t i b i l i t y  of t h e  s e l e c t e d  ma te r i a l s  w i l l  be eva lua ted  a t  c o n d i t i o n s  

r e p r e s e n t a t i v e  of 

a .  

b .  

C .  

d .  

e .  

f .  

g .  

h .  

space e lectr ic  power s y s t e m  ope ra t ing  c o n d i t i o n s ,  namely: 

Bo i l ing  temperature ,  2050°F 

Superheat  temperature ,  2150°F 

Condensing temperature ,  1400°F 

Subcooling temperature ,  1000°F 

Mass f low ra te ,  40 lb /hr  

B o i l e r  e x i t  vapor v e l o c i t y ,  50 f t / s e c  

Average hea t  f l u x  i n  p lug  (018 i nches ) ,  240,000 
BTU/hr f t2 

Average hea t  f l u x  i n  b o i l e r  (0-250 inches ) ,  
23,000 BTU/hr f t 2  

- 1- 
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11. SUMMARY 

During t h e  seven th  q u a r t e r  of t h e  program, work proceeded on the t o p i c s  

a b s t r a c t e d  below: 

The T-111 a l l o y  tub ing  was received and q u a l i t y  a s su rance  i n s p e c t i o n  is  

i n  p r o g r e s s .  Most of t h e  T-111 a l l o y  m a t e r i a l s  have been r e l e a s e d  f o r  t h e  

manufacture of c r i t i c a l  components; t h e  remaining necessary m a t e r i a l s  a r e  being 

i n s p e c t e d .  

F a b r i c a t i o n  and i n s t a l l a t i o n  of t h e  l i t h i u m  s t i l l  i n t o  t h e  p u r i f i c a t i o n  

system was completed and ou tgass ing  i s  i n  p r o g r e s s .  

F a b r i c a t i o n  of many of t h e  loop components is  i n  p r o g r e s s .  

t 

-3- 
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I 11. PROGRAM STATUS 

I 

A .  MATERIALS PROCUREMENT 

1. T-111 Alloy 

The f i n a l  vendor i n s p e c t i o n  and t e s t i n g  of t h e  T-111 a l l o y  0.375-inch OD 

x 0.065-inch t h i c k  w a l l  and 1.0- inch OD x 0.100-inch t h i c k  w a l l  t ub ing  has  been 

completed.  The tub ing  was r ece ived  on November 18, 1966 and certified by t h e  vendor t o  

be f r e e  of rejectable defects.  Subsequent quality assurance inspection by ultrasonic 

tes t ing a t  General E lec t r i c  revealed numerous I D  and OD defects in  the 0.375-inch OD tubing. 

Approximately 20% of t h e  q u a l i t y  a s su rance  i n s p e c t i o n  of t h e  tub ing  has 

been completed and numerous I D  and OD d e f e c t s  were observed i n  t h e  0.375-inch 

OD t u b i n g  du r ing  u l t r a s o n i c  t e s t i n g  by General Electr ic .  Many of the d e f e c t s  

were i d e n t i f i e d  by v i s u a l  examination, u s ing  a s tereomicroscope,  as OD d e f e c t s  

of t h e  s c r a t c h - t y p e  which were appa ren t ly  introduced du r ing  handl ing p r i o r  

t o  r e c e i p t  by General E l e c t r i c .  These d e f e c t s  were e a s i l y  benched o u t .  With 

t h e  m a j o r i t y  of t h e  OD d e f e c t s  removed, t h e  remaining I D  d e f e c t s  were easier 

t o  i d e n t i f y  i n  a second u l t r a s o n i c  i n s p e c t i o n ,  I D  d e f e c t s  which exceeded t h e  

s p e c i f i c a t i o n  requirements  were removed from t h e  tube  by s e c t i o n i n g .  The 

m e t a l l o g r a p h i c  appearance of t y p i c a l  ID d e f e c t s  of t h i s  t ype  a r e  shown i n  

F i g u r e  1. 

The p roduc t s  made from t h e  f o u r t h  and f i f t h  T-111 a l l o y  i n g o t s  (No. 1 l l - D -  

1102 and 111-D-1765, r e s p e c t i v e l y )  were g iven  a f i n a l  vacuum annea l  a t  3000'F 

f o r  one hour a t  t h e  Boeing Company, S e a t t l e ,  Washington. The f i n a l  vendor 

i n s p e c t i o n  and t e s t i n g  of t h e  products  made from t h e  f o u r t h  and f i f t h  T-111 

a l l o y  i n g o t s  i s  i n  p rogres s  and a major p o r t i o n  of t h i s  material  has been 

r e c e i v e d .  General  E l e c t r i c  SPPS q u a l i t y  a s su rance  i n s p e c t i o n  and t e s t i n g  of 

t h i s  r e c e i v e d  material is  i n  p rogres s  and p o r t i o n s  of t h e  material  have been 

released f o r  manufacture.  

The s i x t h  T-111 a l l o y  ingo t  was extruded a t  Canton Drop Forging Company 

on October 21, 1966. The e x t r u s i o n  parameters a r e  p resen ted  i n  Table I .  

Rod r o l l i n g  of t h e  s i x t h  T-111 a l l o y  b i l l e t  w a s  completed t h e  week of December 

-5- 
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F i g u r e  1. Photomicrographs of Typica l  D e f e c t s  on t h e  I D  S u r f a c e  and I n n e r  
Wall of 0.375-Inch OD x 0.065-Inch W a l l  T-111 Alloy Tubing. 

a )  Etchant :  None 
b) Etchant :  None 
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TABLE I . EXTRUSION PARAhfETERS FOR THE 6.72-INCH 
DIAMETER MACHINED T-111 ALLOY INGOT* 

~ - ~ ~ _ _  - ~~ ~~ 

Machined Ingot  S i z e  - 6.72-inch diameter  

Ingot  Nose Geometry - 90' angle  

Can S i z e  - 7-1/4 i n c h  OD x 1/4-inch t h i c k  w a l l  Type 304SS seamless p i p e  w i t h  
a molybdenum f o i l  l i n e r ,  a 2-inch t h i c k  Type 304%' nose block and 
1/2-inch t h i c k  Type 304SS back-up block contained w i t h i n  t h e  can 
w i t h  argon purge tubes  a t t a c h e d .  

Leader Block-Follow-up Block - 7-1/6-inch diameter  x 6-inch long mild s t ee l .  

Container  S i z e  - 7.51-inch I D  

D i e  Size/Design - 4.5- inch ID/conical 

D i e  Coating - None 

Ex t rus ion  R a t i o  - 2.7/1 

Lubricant  - Hot d i e  g r e a s e  s i m i l a r  t o  F i s k e  604 

Furnace Temperature/Soak Time i n  S a l t  Bath - 2200°F/2 hours 

E x t r u s i o n  P r e s s u r e  (Hydraul ic)  - 1800 p s i  peak, average 

1600 p s i ,  r u n o u t ,  average 

Maximum Allowable P r e s s u r e  - Approximately 3850 p s i  

Cooling Procedure - A i r  cooled 

E x t r u s i o n  D i r e c t i o n  of Ingot  - Top of i ngo t  w a s  extruded through d i e  f i r s t  
w i t h  hot t o p  removed. 

-----_-___________------------------------ 

Q Extriided a t  Canton Drop Forging Company, Canton, Ohio, on October 21, 1966. 
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5,  1966, a t  Braeburn Alloy S t e e l .  The T-111 a l l o y  rods  have been rough machined 

i n t o  hollows and a re  now awa i t ing  f i n a l  vacuum annea l ing  a t  Wolverine Tube. 

F i n i s h  machining w i l l  be done fo l lowing  t h e  f i n a l  annea l .  The products  t o  be 

obta ined  from t h i s  ingot  a re  f o r  back-up purposes and a re  not  c r i t i ca l  t o  

i n i t i a t i n g  t h e  loop f a b r i c a t i o n  phase of t h i s  program, 

2 .  Cb-132M Alloy 

A hea t  t reatment  of one hour a t  2600°F has  been s e l e c t e d  f o r  t h e  2-inch 

diameter  Cb-132M a l l o y  rod .  A r e c e n t l y  completed s tudy has  shown t h a t  t h i s  

hea t  treatment r e s u l t s  i n  improved room temperature ,  d u c t i l i t y  without  apprec i -  

a b l e  r e c r y s t a l l i z a t i o n  o r  r educ t ion  i n  t h e  y i e l d  s t r e n g t h  of t h e  Cb-132M a l l o y .  

The Cb-132M a l l o y  as  supp l i ed  by Universal  Cyclops had been hea t  t reated 

f o r  one hour a t  2400°F and had a room temperature  d u c t i l i t y  somewhat less than  

d e s i r a b l e  f o r  machining and u t i l i z a t i o n  i n  Corrosion Loop I. I t  w a s  a n t i c i p a t e d  

t h a t  a s l i g h t l y  h igher  tempera ture  hea t  t rea tment  would r e s u l t  i n  i nc reased  

c a r b i d e  p r e c i p i t a t i o n  and reduce t h e  amount of carbon i n  s o l i d  s o l u t i o n  which 

would improve t h e  room temperature  d u c t i l i t y  without  a n  a p p r e c i a b l e  loss  i n  

y i e l d  s t r e n g t h .  Approximately 0.25-inch t h i c k  s l ices  were cut  from t h e  end 

of t h e  Cb-132M a l l o y  rod and subsequent ly  sec t ioned  i n t o  pie-shaped specimens.  

Af t e r  chemical c l ean ing ,  t h e  specimens were hea t  t r e a t e d  f o r  one hour a t  2500°, 

2600",  2700°, 2800°, and 2900°F a t  a p re s su re  of less than  1 x t o r r  and then  

quenched i n  helium. 

The mic ros t ruc tu res  and microhardnesses  of t h e  Cb-132M a l l o y  b e f o r e  and 

a f t e r  t h e  one-hour hea t  t r ea tmen t s  a r e  shown i n  F igu re  2 .  The f i r s t  s i g n s  of 

s l i g h t  r e c r y s t a l l i z a t i o n  i n  t h e  s e v e r e l y  worked r e g i o n s  of t h e  ba r  were 

observed i n  t h e  specimen hea t  t r e a t e d  f o r  one hour a t  2700°F. S i g n i f i c a n t  

agglomeration of t h e  c a r b i d e  p r e c i p i t a t e  w a s  observed a f t e r  a hea t  t rea tment  Of 

one hour a t  2900°F, Figures  3 through 5. The microhardness  d a t a  i n d i c a t e  a 

r a p i d  decrease  i n  hardness  a f t e r  a one-hour hea t  t r ea tmen t  a t  2700°F. From 

t h e  microhardness and meta l lographic  d a t a ,  a tempera ture  of less than  2700°F 

w a s  suggested f o r  a one-hour hea t  treatment.  

1 

I 

The e f f e c t s  of longer  t i m e ,  lower t empera tu re  hea t  t r e a t m e n t s  were eva lua ted  

by hea t  t r e a t i n g  a sample f o r  50 hours a t  2500°F. The m i c r o s t r u c t u r e ,  shown 

-8- 
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a )  As-Received (Annealed 1 Hour a t  240O0F) 

-- - 

b )  Annealed 1 Hour a t  2500'F 

Figure 3. Longi tudina l  Micros t ruc ture  of 2 .O-Inch D i a m e t e r  Cb-132M Alloy Rod. 

a) C410212; b) C410313 
E tchan t :  60mlGlycerine-20mlHNO~-2OmlHF Mag.: 2000x 
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a) Annealed 1 Hour at 2600°F 

b) Annealed 1 Hour at 2700°F 

Figure 4. Longitudinal Microstructure of 2.0-Inch Diameter Cb-132M Alloy Rod. 

Etchant: 60mlGlycerine-20mlHN03-20mlHF Mag.: 2ooox 
a) C410413; b) C410512 

-i2- 



a) Annealed 1 Hour at 2800'F 

* 

c 

b) Annealed 1 Hour at 2900'F 

Figure 5. Longitudinal Microstructure of 2.0-Inch Diameter Cb-132M A l l o y  Rod. 

a) C410613; b) C410712 
Etchant: 60mlGlycerine-20mlHNO -20mlHF Mag.: 2000x 3 
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i n  F igures  2 and 6 i n d i c a t e s  s i g n i f i c a n t  r e c r y s t a l l i z a t i o n  and agglomerat ion 

of t h e  carb ide  p r e c i p i t a t e .  These changes a re  r e f l e c t e d  i n  t h e  low micro- 

hardness ,  Figure 2 .  

The f i n a l  hea t  t rea tment  s e l e c t i o n  w a s  determined by e v a l u a t i n g  t h e  t e n -  

s i l e  behavior of specimens hea t  t r e a t e d  f o r  one hour a t  2500'F and one hour 

a t  2600'F. Buttonhead t e n s i l e  specimens, F igu re  7 were machined from t h e  2- 

i nch  diameter Cb-132M rod such t h a t  t h e  l o n g i t u d i n a l  axes  of t h e  rod and SPeCi- 

mens were p a r a l l e l .  The f i n i s h e d  t e n s i l e  specimens were chemical ly  c leaned  

and c a r e f u l l y  in spec ted  f o r  s u r f a c e  d e f e c t s  us ing  f l u o r e s c e n t  pene t r an t  t e c h -  

n iques .  Three t e n s i l e  specimens w e r e  vacuum hea t  t r e a t e d  a t  p r e s s u r e s  less 

t h a n  1 x t o r r  f o r  one h o m  a t  2500°F, t h r e e  for one hour a t  2600'F: and 

t h e  remaining specimens were l e f t  i n  t h e  as - rece ived  c o n d i t i o n  (one hour a t  

2400'F). 

and were performed i n  accordance wi th  ASTM Designat ion  E8-57TY "Methods of 

Tension Tes t ing  of M e t a l l i c  Ma te r i a l s  . ' I  A s t r a i n  ra te  of 0.005 inch/ inch/  

minute up t o  0.6% o f f s e t  and then 0,050 inch/inch/minute t o  f r a c t u r e  w a s  used;  

t h e  y i e l d  s t r e n g t h  was determined by t h e  0.02% and 0.2% o f f s e t  methods. The 

r e s u l t s  of t hese  tests a r e  shown i n  Table  I1 a long  wi th  t h e  t e n s i l e  d a t a  

supp l i ed  by Universal  Cyclops S t e e l  Corpora t ion .  

The t e n s i l e  tes ts  were conducted i n  a i r  a t  room tempera ture  t o  225'F 

Reasonable d u c t i l i t y  w a s  observed i n  t h e  a s - r ece ived  Cb-132M a l l o y  mate- 

r i a l  (one hour a t  2400'F) a t  a t e n s i l e  t es t  tempera ture  of 225'F. Both thermal  

heat  t rea tments  (one hour a t  2500'F and one hour a t  2600'F) r e s u l t e d  i n  good 

room temperature  d u c t i l i t y ,  and t h e  specimens which were hea t  t r e a t e d  a t  2600'F 

e x h i b i t e d  s l i g h t l y  h igher  d u c t i l i t y  t han  t h o s e  hea t  t r e a t e d  a t  2500'F. 

c a s e s ,  no s i g n i f i c a n t  r e d u c t i o n s  i n  y i e l d  s t r e n g t h  were observed.  From t h e s e  

r e s u l t s  and the  e a r l i e r  mic ros t ruc tu re  and microhardness  r e s u l t s ,  a thermal  

hea t  t reatment  of one hour at 2600'F w a s  s e l e c t e d  f o r  t h e  2-inch d iameter  

Cb-132M a l l o y  r o d .  Subsequent ly ,  t h e  2-inch d iameter  Cb-132M a l l o y  rod w a s  

wrapped i n  new Cb-1Zr a l l o y  f o i l  and vacuum annea led  f o r  one hour a t  2600'F. 

The 1- inch diameter rod ,  which had s a t i s f a c t o r y  room tempera ture  d u c t i l i t y  

i n  t h e  as-received cond i t ion  (2400°F/1 hour ) ,  and 2-inch d iameter  Cb-132M 

a l l o y  rod have been r e l e a s e d  f o r  manufacture .  

In  a l l  

-14- 



Figure  6 .  Longi tudina l  Micros t ruc ture  of 2.0-Inch Diameter Cb-132M Alloy Rod 
Annealed 50 Hours a t  2500'F. 

E t  chant : 60mlGlyce r ine -20mlH~-2OmlHF Mag.: 2000x 
C470112 
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Figure 7. Design of Buttonhead Tensile Specimens Machined From 
Cb-132M Alloy and Mo-TZC Alloy Materials. 
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3. Mo-TZC Alloy 

A hea t  t reatment  s tudy  s i m i l a r  t o  t h a t  descr ibed  i n  t h e  prev ious  s e c t i o n  

was performed on t h e  Mo-TZC a l l o y  m i l l  p roduc t s .  

d u c t s  were of va r ious  shapes and manufactured by two vendors (General Electr ic-  

LMCD and Climax Molybdenum Company using d i f f e ren t  working schedules,  t h e r e f o r e ,  a 

s i n g l e  optimum heat treatment f o r  a l l  the  Mo-TZC alloy m i l l  products could not be 

s e l e c t e d .  R e s u l t s  of t h i s  Study r e s u l t e d  i n  t h e  foI lowing  courses  of a c t i o n :  

The Mo-TZC a l l o y  m i l l  p ro-  

a .  The 0.75-inch t h i c k  p l a t e  (General Electric-LMCD) and 

t h e  2.0-inch diameter rod (Climax) were hea t  t r e a t e d  

f o r  50 hours a t  2600'F. 

b .  The 1,375-inch t h i c k  p l a t e  (General Electric-LMCD) w i l l  

no t  be used i n  t h e  Corrosion Loop I (T-111) Program 

because of i t s  nonuniform m i c r o s t r u c t u r e .  

c .  The 1- inch d iameter  rod (Climax) w i l l  be u t i l i z e d  i n  

t h e  as - rece ived  cond i t ion  (1  hour a t  2400'F). 

The hea t  t rea tment  s tudy w a s  conducted w i t h  approximately 0.25-inch t h i c k  

s l ices  cu t  from t h e  ends of each of t h e  Mo-TZC a l l o y  m i l l  shapes .  The sl ices 

from t h e  p l a t e  m a t e r i a l  w e r e  c u t  i n t o  cubes and t h e  s l ices  from t h e  rods  were 

cu t  i n t o  pie-shaped specimens.  A f t e r  chemical c l e a n i n g ,  t h e  specimens were 

hea t  t r e a t e d  for one hour a t  2600') 2700", 2800°, 3000') 3200°, 3400') and 

3750'F i n  a vacuum of less than  1 x t o r r  and subsequent ly  quenched i n  

helium. 

The mic ros t ruc tu res  and microhardnesses  of t h e  0.75-inch t h i c k  Mo-TZC 

a l l o y  before  and a f t e r  t h e  one-hour hea t  t r ea tmen t  a r e  shown i n  F igure  8 .  

S i g n i f i c a n t  r e c r y s t a l l i z a t i o n  w a s  observed i n  t h e  specimen hea t  t r e a t e d  f o r  

one hour a t  2600'F as w e l l  as a low hardness .  The d a t a  ob ta ined  f o r  t h i s  

p a r t i c u l a r  heat t rea tment  a re  cons idered  anomalous w i t h  r e s p e c t  t o  t h e  d a t a  

obta ined  a f t e r  performing o t h e r  hea t  t rea tments  on t h i s  material. The one- 

hour hea t  t rea tment  a t  2800'F i s  cons idered  t o  be t h e  c o n d i t i o n  i n  which 

s i g n i f i c a n t  r e c r y s t a l l i z a t i o n  w i l l  occur  i n  t h e  0.75-inch t h i c k  p l a t e .  Also,  

t h e  microhardness d a t a  i n d i c a t e  a r a p i d  dec rease  i n  hardness  a f t e r  a one-hour 

-18- 
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hea t  t rea tment  a t  a temperature  of 2700°F. From t h e  metal lographic  and micro- 

hardness  d a t a ,  a temperature  of 2700'F or less w a s  suggested f o r  a one-hour 

hea t  t rea tment  of t h e  0.75-inch t h i c k  p l a t e .  

The e f f e c t s  of longer  t i m e  hea t  t r ea tmen t s  on mic ros t ruc tu re  and hardness  

of t h e  0.75-inch t h i c k  p l a t e  were eva lua ted  by hea t  t r e a t i n g  samples f o r  50 

hours a t  2600" and 2700°F. The mic ros t ruc tu res ,  F igure  8 ,  i n d i c a t e  only 

a s l i g h t  amount of r e c r y s t a l l i z a t i o n  i n  t h e  specimen hea t  t r e a t e d  a t  2600'F 

f o r  50 hours  and a s i g n i f i c a n t  amount of r e c r y s t a l l i z a t i o n  i n  t h e  specimen hea t  

t r e a t e d  a t  2700'F f o r  50 hours .  The microhardness d a t a ,  F igure  8, are  i n  

agreement w i t h  t h e  mic ros t ruc tu res  i n  t h a t  t h e  hardness  of t h e  specimen hea t  

t r e a t e d  a t  2700'F w a s  cons iderably  reduced. These r e s u l t s  i n d i c a t e  t h a t  a 

50-hour hea t  treatment a t  2600'F a l s o  may be b e n e f i c i a l  i n  ach iev ing  g r e a t e r  

t e n s i l e  d u c t i l i t y  a t  t h e  lower tempera tures .  A longer  t i m e  hea t  t rea tment  

has  t h e  advantage of a l lowing  more t i m e  f o r  carbon p r e c i p i t a t i o n .  

The mic ros t ruc tu res  and microhardness of t h e  1.375-inch t h i c k  Mo-TZC a l l o y  

p l a t e  be fo re  and a f t e r  t h e  one-hour h e a t  t r ea tmen t s  a r e  shown i n  F igu re  9 .  

S i g n i f i c a n t  r e c r y s t a l l i z a t i o n  was observed a f t e r  hea t  t r e a t i n g  f o r  one hour 

a t  3200°F. T h i s  high r e c r y s t a l l i z a t i o n  temperature  is a t t r i b u t e d  t o  t h e  re la -  

t i v e l y  s m a l l  amount of co ld  work t h a t  t h i s  m a t e r i a l  rece ived  dur ing  p rocess ing ,  

a s  shown i n  t h e  as - rece ived  mic ros t ruc tu re  which i s  no t i ceab ly  less uniform 

than  t h e  mic ros t ruc tu re  of t h e  o the r  materials.  In g e n e r a l ,  t h e  mic ros t ruc tu re  

d a t a  f o r  t h e  one-hour hea t  t rea tments  below 3200°F i n d i c a t e  t h a t  recovery is  

t h e  major p rocess  t a k i n g  p l a c e  w i t h  v e r y  small l o c a l i z e d  areas,  which r ece ived  

a g r e a t e r  amount of e f f e c t i v e  co ld  work, s t a r t i n g  t o  r e c r y s t a l l i z e .  S ince  t h e  

s l o p e  of t h e  hardness  curve  i s  f a i r l y  uniform up t o  3200°F and m i c r o s t r u c t u r a l  

changes a re  s l i g h t ,  it would be d e s i r a b l e  t o  main ta in  t h e  temperature  of a one- 

hour hea t  t rea tment  f o r  t h e  1.375-inch t h i c k  Mo-TZC a l l o y  a s  low as p o s s i b l e  

t o  reduce  degrada t ion  of s t r e n g t h  and h igh  enough t o  p r e c i p i t a t e  carbon from 

s o l u t i o n  i n  a r easonab le  t i m e  pe r iod .  The e f f e c t s  of longer  t i m e  hea t  t r ea t -  

ments on t h e  1.375-inch t h i c k  p l a t e  were a l s o  eva lua ted  by hea t  t r e a t i n g  samples 

f o r  50 hours  a t  2600" and 2700°F. The m i c r o s t r u c t u r e s  of t h e s e  specimens a re  

shown i n  F igu re  9 and i n d i c a t e  t h a t  recovery is  predominate w i t h  some r e c r y s t a l -  

l i z a t i o n  i n  small l o c a l i z e d  a r e a s  i n  t h e  specimen hea t  t r e a t e d  f o r  50 hours  a t  

-21- 
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2600°F and a s i g n i f i c a n t  amount of r e c r y s t a l l i z a t i o n  i n  t h e  specimen hea t  t r e a t e d  

a t  2700'F f o r  50 hours .  A decrease  in  hardness  was observed i n  both  specimens,  

F igure  9, w i t h  t h e  hardness  va lues  being s l i g h t l y  less than  t h e  one-hour hea t  

t r ea tmen t s  a t  2600' and 2700'F. These d a t a  i n d i c a t e  t h a t  a 50-hour hea t  t r e a t -  

ment a t  2600°F would be t h e  p r e f e r r e d  hea t  t rea tment  t o  improve t h e  low temper- 

a t u r e  t e n s i l e  d u c t i l i t y  of t h e  1.375-inch t h i c k  p l a t e  w i t h  a minimal r educ t ion  

i n  y i e l d  s t r e n g t h .  

The room tempera ture  t e n s i l e  d u c t i l i t y  of t h e  1.0- inch d iameter  Mo-TZC 

a l l o y  rod  produced by Climax Molybdenum i s  s a t i s f a c t o r y  f o r  use  i n  t h e  as-  

r ece ived  cond i t ion  (2400°F/1 hour ) .  However, hea t  t rea tment  s t u d i e s  were 

conducted w i t h  t h i s  m a t e r i a l  t o  determine i t s  r e c r y s t a l l i z a t i o n  c h a r a c t e r i s t i c s .  

The m i c r o s t r u c t u r e s  and microhardnesses a f t e r  t h e  one-hour hea t  t r e a t m e n t s  are 

shown i n  F igu re  10. S i g n i f i c a n t  r e c r y s t a l l i z a t i o n  w a s  observed i n  t h e  specimen 

which w a s  hea t  t r e a t e d  a t  3000°F f o r  one hour.  The microhardness d a t a  show a 

r a p i d  dec rease  i n  hardness  a f t e r  one hour a t  2800'F. The e f f e c t s  of longer  

t i m e  hea t  t r ea tmen t s  (50 hours a t  2600' and 2700'F) on t h e  1.0-inch d iameter  

material a re  shown i n  F igure  10. Metal lographic  examination r evea led  t h e  i n i t i a -  

t i o n  of r e c r y s t a l l i z a t i o n  i n  both heat t r ea tmen t s  but  t o  a n  i n s i g n i f i c a n t  amount. 

A s l i g h t  dec rease  i n  microhardness a l s o  w a s  observed.  

The m i c r o s t r u c t u r e s  and microhardnesses of t h e  2.0- inch diameter  Mo-TZC 

a l l o y  rod  produced by Climax Molybdenum before  and a f t e r  t h e  one-hour hea t  

treatments a re  shown i n  F igure  11. S i g n i f i c a n t  r e c r y s t a l l i z a t i o n  w a s  observed 

a f t e r  h e a t  t r e a t i n g  f o r  one hour a t  3000°F and a s l i g h t  decrease  i n  microhard- 

n e s s  w a s  no ted  a f t e r  t h e  one-hour heat t rea tment  a t  2800'F. These r e s u l t s  

i n d i c a t e  t h a t  a one-hour hea t  t reatment  t o  p r e c i p i t a t e  carbon from s o l u t i o n  

should be c a r r i e d  out  a t  a temperature  of 2800'F or less. The e f f e c t s  of longer  

t i m e  h e a t  t r e a t m e n t s  (50 hours a t  2600' and 2700°F) on t h e  2.0-inch d iameter  

material are shown i n  F igu re  11. S i g n i f i c a n t  r e c r y s t a l l i z a t i o n  w a s  observed 

i n  t h e  specimen hea t  t r e a t e d  a t  2700°F and i s  r e f l e c t e d  i n  t h e  low microhardness 

of t h e  specimen. The specimen hea t  t r e a t e d  a t  2600'F f o r  50 hours e x h i b i t e d  

a v e r y  small  amount of r e c r y s t a l l i z a t i o n  and a s l i g h t  decrease  i n  hardness .  

These d a t a  i n d i c a t e  t h a t  a 50-hour exposure a t  2600'F could be used f o r  t h e  

f i n a l  h e a t  treatment of t h e  2 .O-inch d iameter  mater ia l .  
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As a r e s u l t  of t h e s e  s t u d i e s ,  50 hours a t  2600'F was s e l e c t e d  as a promis- 

i n g  hea t  t r ea tmen t  f o r  t h e  comparison of t ens i l e  p r o p e r t i e s  w i th  t h e  m a t e r i a l  

i n  t h e  as - rece ived  c o n d i t i o n  of one hour a t  2400'F. The t e n s i l e  t e s t i n g  was 

done i n  t h e  same manner as t h a t  descr ibed  i n  t h e  Cb-132M a l l o y  hea t  t r ea tmen t  

s tudy  desc r ibed  above, except  t h a t  test tempera tures  ranged from room temper- 

a ture  to 400'F. The r e su l t s  of t h e s e  tests a long  wi th  t h e  d a t a  r e p o r t e d  by 

the vendors are shown i n  Table  111. 

In g e n e r a l ,  a n  i n c r e a s e  i n  room tempera ture  d u c t i l i t y  and a dec rease  

i n  room tempera ture  y i e l d  s t r e n g t h  w a s  observed i n  t h e  specimens t e s t e d  from 

a l l  f o u r  m i l l  shapes which were hea t  t r e a t e d  f o r  50 hours  a t  2600'F. I t  Was 

concluded t h a t  t h e  improved d u c t i l i t y  was more s i g n i f i c a n t  t o  t h e  Ut i l iZa t iOn  

of t h e s e  materials i n  Corrosion Tes t  Loop I (T-111) t h a n  t h e  observed dec rease  

i n  s t r e n g t h  except  f o r  t h e  1.0- inch diameter  rod  material. The 1 .0- inch  

d iameter  Mo-TZC a l l o y  rod e x h i b i t e d  very good d u c t i l i t y  i n  t h e  a s - r ece ived  

c o n d i t i o n  (heat t r e a t e d  one hour a t  240O0F) and t h e  s l i g h t  i n c r e a s e  observed 

a f t e r  hea t  t r e a t i n g  f o r  50 hours  a t  2600'F was cons idered  i n s i g n i f i c a n t .  

The re fo re ,  no a d d i t i o n a l  hea t  t rea tment  w a s  s e l e c t e d  f o r  t h e  1.0- inch d iameter  

rod and it  w i l l  be used i n  Corrosion Test Loop I (T-111) i n  t h e  a s - r ece ived  

c o n d i t i o n ,  

The room tempera ture  d u c t i l i t y  achieved i n  t h e  0.75-inch t h i c k  p l a t e  

a f t e r  hea t  t r e a t i n g  f o r  50 hours  a t  2600'F was cons idered  a c c e p t a b l e ;  there- 

fore,  t h i s  heat  t r ea tmen t  was u t i l i z e d  f o r  t h e  0.75-inch t h i c k  Mo-TZC a l l o y  

p l a t e .  

S ince  t h e  machining of t h e  1.375-inch t h i c k  p l a t e  and 2.0-inch d iameter  

rod w i l l  be done by e l e c t r i c  d i scha rge  machining t echn iques ,  which can  be 

done r e a d i l y  a t  t empera tures  on t h e  order  of 150°F, t h e  d u c t i l i t y  achieved  

i n  both t h e  1.375-inch t h i c k  p l a t e  and t h e  2.0-inch d iameter  rod  a t  150'F 

af ter  h e a t  t r e a t i n g  50 hours  a t  2600'F is  cons idered  a c c e p t a b l e .  

even though good d u c t i l i t y  was achieved i n  t h e  1.375-inch t h i c k  p l a t e ,  i t  

w a s  dec ided  t h a t  t h e  non-uniform mic ros t ruc tu re  observed i n  t h e  me ta l log raph ic  

s t u d i e s  made i t  u n d e s i r a b l e  t o  u s e  t h i s  m a t e r i a l  i n  Corros ion  T e s t  LOOP I 

(T-111). 

f o r  50 h o u r s ,  

However, 

The 2.0- inch d iameter  rod w i l l  be used a f t e r  hea t  t r e a t i n g  a t  2600'F 
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The 0.75-inch t h i c k  Mo-TZC a l l o y  p l a t e  and t h e  2 .O-inch d iameter  Mo-TZC 

a l l o y  rod were chemica l ly  c l eaned ,  wrapped i n  f r e s h  Cb-1Zr a l l o y  f o i l ,  and sub-  

sequen t ly  heat  t r e a t e d  a t  2600'F for 50 hours  i n  a vacuum of < 1 x t o r r .  

A l l  of t h e  Mo-TZC a l l o y  material needed f o r  use  i n  t h e  Corros ion  Tes t  Loop I 

(T-111) has  been r e l e a s e d  f o r  manufacture .  

B .  ALKALI hDTAL PURIFICATION -_ 

The l i t h i u m  hot  t r a p  shown i n  F igu re  12  p r i o r  t o  assembly was f a b r i c a t e d  

and i n s t a l l e d  on t h e  d o l l y  w i t h  t h e  vacuum-argon system. A f t e r  Outgassing 

t h e  hot t r a p  a t  tenpei-atures  up t o  15OO0P, 28.5 l b s  of l i t h i u m  were in t roduced  

i n t o  t h e  hot trap. A f t e r  operating t h e  hot  t r3p f o r  l25 h o u r s  a t  15GOor",  the 

g e t t e r i n g  a c t i o n  of t h e  zirconium foil had reduced t h e  n i t r o g e n  Concen t r a t ion  

of t h e  l i t h i u n  from 700-800 ppm t o  less than  10 ppm. The oxygen c o n c e n t r a t i o n  

was not  changed by t h e  g e t t e r i n g  o p e r a t i o n  and remained a t  150 ppm. The carbon 

c o n c e n t r a t i o n  p rev ious ly  reduced from 150 ppm t o  100 ppm by f i l t r a t i o n  through 

a f ive-micron s t a i n l e s s  steel  f i l t e r  was f u r t h e r  lowered t o  30 ppm by t h e  ho t  

t r a p p i n g  ope ra t ion .  

The l i t h i u m  s t i l l ,  shown i n  F igu re  13, w a s  completed and a t t a c h e d  t o  t h e  

hot t r a p  and vacuum-argon system. The s t i l l  is c u r r e n t l y  be ing  ou tgassed ,  a t  

room tempera ture ,  whi le  t h e  thermocouples and h e a t i n g  e lements  a r e  being 

a t t a c h e d .  Subsequent ly ,  t h e  s t i l l  w i l l  be outgassed  a t  t h e  d i s t i l l a t i o n  

tempera ture  cond i t ions  u n t i l  a room t empera ture  ou tgass ing  r a t e  of less t h a n  

one m i c r o n - l i t e r  p e r  hour is  o b t a i n e d .  

C. FABRICATION 

The f a b r i c a t i o n  s t a t u s  of "-111 Corros ion  Loop c r i t i c a l  components i s  as  

f o l lcws  : 

1. Slack  Diaphragm Transducers  - The 0.005-inch t h i c k  T-111 a l l o y  d i a -  

p h r a g m  have been formed. The body f l a n g e s  a re  be ing  machined; however, d e l i v e r y  

has  been delayed u n t i l  t h e  end of January .  B i m e t a l l i c  j o i n t s  between Cb-1Zr 

and Type 316SS requirisd for t h e  N a K  s i d e  of t h e  t r a n s d u c e r  were r e c e i v e d  w i t h  

incomplete  in spec t ion  r e p o r t s  and have been r e t u r n e d  t o  the. \( : l idor.  Subse- 

quen t ly ,  i t  was deterniiried t h a t  rework w a s  r e q u i r e d  and d e l i v e r y  is now scheduled  

f o r  t h e  end of January .  

I-- 
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F i g u r e  13. Assembled L i t h i u m  Still f o r  Corrosion Loop I (T-111). 
( O r i g .  C66121230)  
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I 

2 .  Lithium and Potassium EM Pump Ducts - Both EM pump duct  o u t e r  wrappers 

were being machined w i t h  d e l i v e r y  expected by t h e  end of December. However, 

t h e 1 o s s o f t h e k e y machining vendor t o  t h i s  program has f o r c e d  r e d i r e c -  

t i o n  t o  o t h e r  p o t e n t i a l  vendors .  Delivery is  now expected near  t h e  middle of 

February.  The potassium h e l i c a l  duct  has been machined. I t  is a n t i c i p a t e d  t h a t  

t h e  a d d i t i o n a l  T-111 a l l o y  r equ i r ed  f o r  t h e  l i t h i u m  pump duct  w i l l  be r e l e a s e d  

f o r  manufacture by t h e  end of January .  

3 .  T h r o t t l e  and I s o l a t i o n  V a l v e s  - The vendor, Hoke, Inc . ,  has  scheduled 

a d e l i v e r y  d a t e  of March 24, 1967 f o r  machined p a r t s .  The Cb-1Zr bel lows f o r  

t h e s e  va lves  were shipped from GE-SPPS t o  Hoke, Inc .  on January 20, 1967. 

4 .  Turbine Simulator  - Delivery of t h e  Mo-TZC and Cb-132M a l l o y  b l ades  

have been delayed because of c racking  observed i n  t h e  f i r s t  t h r e e  b l ades  pro-  

duced from GE- Mc-TZC a l loy ,  The vendor i s  cu r ren t ly  r e -eva lua t ing  t h e  machining 

sequence i n  coopera t ion  w i t h  GE-SPPS. The o rde r  for nozzle  machining has  been 

p l aced  w i t h  d e l i v e r y  of completed nozzle  assembl ies  expected by t h e  end of 

February .  The 2-1/4-inch OD x 3/8-inch w a l l  T-111 a l l o y  tube  f o r  t h e  t u r b i n e  

s i m u l a t o r  cas ing  is  scheduled f o r  r e l e a s e  f o r  manufacture by t h e  end of January .  

5 .  Condenser. A 1- inch x 2-inch x 32-inch long T-111 a l l o y  bar  has  been 

committed for e v a l u a t i o n  of d r i l l i n g  procedures  f o r  t h e  c e n t e r  h o l e .  The f i r s t  

t r i a l  was unsuccess fu l  due t o  breakage of t h e  c a r b i d e  drill. Other p o t e n t i a l  

sou rces  f o r  deep hole  d r i l l i n g  are c u r r e n t l y  being eva lua ted .  I t  i s  a n t i c i p a t e d  

t h a t  new d r i l l i n g  trials w i l l  be i n i t i a t e d  by t h e  end of January .  

6 .  B o i l e r  - Machined components a r e  on order  w i t h  d e l i v e r y  scheduled  

f o r  mid-January,  1967. 

Machining o r d e r s  f o r  t h e  remaining loop  components have been p l aced  w i t h  

d e l i v e r i e s  scheduled f o r  mid-January, 1967. 

D . QUALITY ASSURANCE 

1 ;  T-111 t o  Cb-1Zr Alloy Welding 

Meta l lographic  examinat ion of T-111 t o  Cb-1Zr weld specimens provided a 

p l a u s i b l e  exp lana t ion  f o r  t h e  d i f f e r e n c e s  i n  hardness  and bend d u c t i l i t y  p re -  

v i o u s l y  d e s c r i b e d  i n  Quar t e r ly  Progress  Report No. 3 . (1  1 

('I Advanced Refrac tory  Alloy Corrosion Loop Program, Quarter ly  P rogres s  
Report  No. 4 f o r  Pe r iod  Ending 4-15-66, NASA Cont rac t  NAS 3-6474, 
NASA-CR-72027 , pp 24-27. 
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Representa t ive  photomicrographs (weld zone and Cb-1Zr hea t  a f f e c t e d  zone) 

of t h e  T-111 t o  Cb-1Zr au tomat ic  welds i n  s e l e c t e d  hea t  t r ea t  c o n d i t i o n s  are  

shown i n  F igure  14 .  The lower hardness  of t h e  overaged specimens w a s  a s s o c i a t e d  

w i t h  s i g n i f i c a n t  homogenization i n  t h e  f u s i o n  zone and random p r e c i p i t a t i o n  of 

second phase p a r t i c l e s  i n  t h e  Cb-1Zr hea t  a f f e c t e d  zone.  N o  obvious micro- 

s t r u c t u r a l  changes were noted i n  t h e  hea t  a f f e c t e d  zone of t h e  T-111 a l l o y  as  

a r e s u l t  of t h e  d i f f e r e n t  hea t  t r e a t m e n t s .  

Micros t ruc ture  comparisons of t h e  manual weld samples a f t e r  t h e  Various 

hea t  t rea tments  shown i n  F igure  15 r evea led  t h e  probable  cause  f o r  t h e  s u p e r i o r  

s t a b i l i t y  of t hose  welds prepared w i t h  Cb-1Zr f i l l e r .  

and 2400°F f o r  one hour hea t  t r ea tmen t s  were capable  of s i g n i f i c a n t  homogeniza- 

t i o n  of t h e  f u s i o n  zones of t h e s e  welds ,  whi le  t h e  same thermal  c y c l e s  appar-  

e n t l y  had l i t t l e  e f f e c t  on mic ros t ruc tu res  of t h e  welds prepared  w i t h  T-111 

f i l l e r .  A l s o ,  t h e  h igher  welding tempera tures  a s s o c i a t e d  w i t h  t h e  use of T-111 

f i l l e r  may have caused more r e l a t i v e  s o l u t i o n i n g  of t h e  base Cb-1Zr i n t o  t h e  

f u s i o n  zone leading  t o  depressed  ag ing  r e a c t i o n  ra tes  and apparent  lesser 

s t a b i l i t y  i n  t h a t  area.  

The 2300'F f o r  one hour 

Small p a r t i c l e s  of T-111 a l l o y ,  as exempl i f ied  i n  F igu re  16,  were a l s o  

d e t e c t e d  i n  t h e  f u s i o n  zones of welds prepared w i t h  T-111 a l l o y  f i l l e r .  Thei r  

p resence  may have r e s u l t e d  from t h e  fo l lowing :  

1. Incomplete mel t ing  of t h e  f i l l e r  metal because t h e  lowest  

poss ib l e  weld power w a s  used t o  minimize mel t ing  d i s t o r t i o n  

of t h e  Cb-1Zr member. 

2 .  P a r t i a l  mel t ing  of t h e  T-111 base metal caused by momentary 

contac t  of t h e  welding a r c .  

These p a r t i c l e s  could a c t  as  stress c o n c e n t r a t i o n s  du r ing  bending thereby  

lowering t h e  d u c t i l i t y  of t h e  weld.  

The da ta  obta ined  from bend t e s t i n g ,  hardness  t e s t i n g  and m i c r o s t r u c t u r a l  

examinat ion of t h e  T-111 t o  Cb-1Zr welds i n d i c a t e d  t h a t  optimum s t a b i l i t y  of 

manual welds could be ob ta ined  through t h e  use of Cb-1Zr f i l l e r  material and 

postweld annea l ing  t r ea tmen t s  i n  t h e  2300° and 2400'F tempera ture  r ange .  

I 
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Figure 14. Microstructures of Automatic Weldments of Cb-1Zr  to T-111 (0.040- 
Inch Thick Sheet) Prepared Without Filler Additions Following 
Various Postweld Heat Treatments. 

Etchant: 30gmNH4F-50mlHN03-20mlH20 Mag.: 250X 
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T-111 F i l l e r -  ' W Z r  F i l l e r ,  

1500°F/50 Hr. 

'. . 

2300°F/1 Hr. + 1500"F/50 Hr. 

.- . -  - .  

.. 

1500°F/50 H r .  

2400°F/1 H r .  + 1500°F/50 H r .  2400°F/1 H r .  + 1500°F/50 Hr. 

Figure  1 5 .  M i c r o s t r u c t u r e s  of Manual Weldments of C b - 1 Z r  t o  T-111 (0.080-Inch 
Thick P l a t e )  Prepared  With C b - l Z r  and T-111 F i l l e r  Material Follow- 
ing Various Postweld H e a t  T rea tmen t s .  

E t  chant  : 30gmHN4F - 5 O m 1  HNO -2 Om1 H 2 0  Mag.: 250X 
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~~ 

1 

- -  

Figure 16. Cb-1Zr to T-111 Weldments Prepared With T-111 Filler Showing T-111 
Particle Which was Washed Into the Fusion Zone. Specimen was Heat 
Treated at 1500°F f o r  50 Hours Following Welding. (B730111) 

Etchant : 30gmNH4F-50mlHN03-20mlH20 Mag.: l O O X  
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E .  ADVANCED TANTALUM ALLOY CAPSULE TESTS 

Delivery of t h e  ASTAR 811 and ASTAR 8 1 1 C N  a l l o y s  from Westinghouse Ast ro-  

nuc lea r  Laboratory i s  expected by February 15, 1967. A l l  o t h e r  materials nec- 

essary f o r  t h i s  program have been r ece ived .  

The T-111 a l l o y  capsu le  s h e l l s  and o u t e r  downcomer tubes ,  which a re  

necessary f o r  l i t h i u m  thermal convect ion capsu le  f a b r i c a t i o n ,  were f a b r i c a t e d  

s u c c e s s f u l l y  from 0.040-inch sheet .  P repa ra t ions  have been made t o  e l e c t r o n  

b e a m  seam weld t h e s e  tubes .  The necessary  welding f i x t u r e s  f o r  t he  potassium 

r e f l u x  capsule  f a b r i c a t i o n  have been designed and c o n s t r u c t e d .  All t h e  s h i e l d i n g ,  

heaters, e l e c t r o d e s ,  and f i x t u r i n g  f o r  t h e  potassium r e f l u x  capsu le  test  f a c i l i t y  

and l i t h i u m  thermal  convect ion capsule  test  f a c i l i t y  have been f a b r i c a t e d .  ~ 



I V .  FUTURE PLANS 

A .  A l l  t h e  r e f r a c t o r y  a l l o y  materials f o r  Corrosion Loop I (T-111) w i l l  be 

in spec ted  and r e l e a s e d  f o r  manufacturing of loop components. 

B .  F a b r i c a t i o n  of a ma jo r i ty  of t h e  loop components w i l l  be completed. 

C .  The  l i t h i u m  w i l l  be d i s t i l l e d .  

D .  The ASTAR 811 and ASTAR 811CN a l l o y s  w i l l  be r ece ived  and specimens w i l l  

be contaminated w i t h  oxygen as  r equ i r ed .  The checkout tes t  w i l l  be i n i t i a t e d .  
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